Background: CRP gene polymorphisms are associated with serum C-reactive protein concentrations and may play a role in chronic kidney disease (CKD) progression. We recently reported an association between the gene variant rs2808630 and CKD progression in African Americans with hypertensive kidney disease. This association has not been studied in other ethnic groups. Methods: We used data from 5955 participants from Phase 2 of The Third National Health and Nutrition Examination Survey (1991)(1992)(1993)(1994) to study the association between CRP polymorphisms and CKD prevalence in a population-based sample. The primary outcome was CKD defined as estimated glomerular filtration rate (eGFR) <60 ml/min or the presence of albuminuria. Secondary outcomes were the presence of albuminuria (any degree) and continuous eGFR. Six single nucleotide polymorphisms (SNPs) from the CRP gene, rs2808630, rs1205, rs3093066, rs1417938, rs3093058, and rs1800947, were evaluated. Results: CRP rs2808630 AG compared to the referent AA genotype was associated with CKD in non-Hispanic blacks (n = 1649, 293 of whom had CKD) with an adjusted odds ratio (OR) of 3.09 (95% CI 1.65-5.8; p = 0.001). For the secondary outcomes, rs2808630 AG compared to the referent AA genotype was associated with albuminuria with an adjusted OR of 3.07 (95% CI 1.59-5.94; p = 0.002), however not with eGFR. There was no association between the SNPs and CKD, albuminuria or eGFR in non-Hispanic whites or Mexicans Americans.
Background
Chronic kidney disease (CKD) represents a major public health problem worldwide. Even in its early stages, CKD is associated with poor outcomes and premature death mainly due to cardiovascular causes [1, 2] . Familial aggregation of CKD and end stage renal disease (ESRD) have been reported in populations throughout the world for all types of nephropathy, underscoring the importance of genetic factors [3] [4] [5] [6] [7] . There also appears to be genetic predisposition towards faster progression to ESRD which is strongly associated with race. For example, African Americans with a first degree relative with ESRD have a 9-fold increase in the risk of ESRD compared to a 3-5 fold increase in whites [8, 9] . Recently, genetic variations in two candidate genes both located within a 60 kb region of chromosome 22 have been identified as high risk for non-diabetic ESRD in African Americans [10] : the nonmuscle myosin heavy chain 9 (MYH9) [9] and the apolipoprotein L1 (APOL1) [10] genes. It is possible that additional genetic variants, such as those related to inflammatory pathways, may also be associated with CKD progression through common pathways and the risk of ESRD in general.
CKD is an inflammatory process, and biomarkers of inflammation increase as kidney function declines [11, 12] . Previous studies have shown that inflammationrelated gene polymorphisms explain a proportion of trait variability observed for these biomarkers [1, [13] [14] [15] [16] [17] [18] [19] . Given this relationship, it is likely that inflammationrelated gene polymorphisms are also associated with CKD progression. We have previously demonstrated an association between a single nucleotide polymorphism rs2808630 in the CRP gene and CKD progression in the prospective African American Study of Kidney Disease and Hypertension (AASK) study [11] , a randomized control trial designed to evaluate the effect of three different antihypertensive medications in the progression of hypertensive kidney disease [20] . In addition to being associated with decreased levels in general African American populations [15, 17] , this SNP has been associated with decreased CRP in the AASK study [11] suggesting that the relationship between CKD and inflammation is complex and can be influenced by genetic factors.
In the current study, we used genetic data from the Third National Health and Nutrition Examination Survey (NHANES III), a large population-based survey, to further investigate our findings in non-Hispanic blacks, non-Hispanic whites and Mexican Americans. The primary goal of this study was to test the association between six CRP SNPs and the presence of CKD defined as either estimated glomerular filtration rate (eGFR) <60 ml/min/m 2 or the presence of albuminuria according to National Kidney Foundation (NKF) consensus definitions [21] . Additionally, we evaluated the association between these polymorphisms with albuminuria (any degree) and continuous eGFR.
Methods

Study Population
The NHANES are surveys conducted by the National Center for Health Statistics (NCHS) at the Centers for Disease Control and Prevention (CDC) to provide national estimates of the health and nutrition of the U.S. civilian, non-institutionalized population. NHANES III is a complex, multistage survey that oversampled minorities (non-Hispanic blacks and Mexican Americans), children, and the elderly. Sample weights are provided for each participant included in the survey to correct for non-response and to correct for the fact that each participant was not selected for the survey with equal probability. Participants were consented by the CDC at the time of the survey and sample collection, and consent included the storage of data and biological specimens for future research [22] . DNA samples were generated using cell lines created from blood samples of participants older than 12 years of age during NHANES III phase 2 (1991-1994) . The total number of participants in NHANES III phase 2 was 16,530 and DNA was available for 7,159 participants. To account for this difference in DNA availability, the sample weights were recalculated using previously described methods [15] . All participants with DNA available had completed a household interview and a physical examination in the Mobile Examination Center.
We excluded participants younger than 18 years of age (n = 979) as the modification of diet in renal disease (MDRD) equation is not applicable to them, 35 participants with missing serum creatinine concentrations, 71 participants with missing albuminuria measurements and normal kidney function, and 119 pregnant women. Our exclusion criteria were similar to other studies in general [23, 24] . However we allowed participants age 18-20 years of age in the cohort, (different from other studies in the NHANES population [23, 24] ) as they are usually included in studies of CKD progression [25, 26] and the MDRD equation applies to them. After exclusion criteria were applied, our final analysis included data from 5955 participants. The study protocol was reviewed and approved by the Center of Disease Control (CDC) Ethical Review Board. Because the study investigators did not have access to personal identifiers, the Vanderbilt University Internal Review Board and the VA Tennessee Valley Healthcare System approved the protocol as non-human subject research under the exempt category.
Measurements and Definitions
The primary outcome for this study was CKD defined as either an eGFR <60 ml/min or the presence of albuminuria in accordance to the NKF consensus definition which classifies all individuals with evidence of kidney damage (e.g. albuminuria) as having chronic kidney disease, irrespective of the level of GFR [21] . The focus of our study was to identify SNPs associated with common pathways for advanced CKD, and albuminuria is one of the main risk factors for CKD progression [2, 27] . Secondary outcomes were a) albuminuria defined using sex-specific cut-offs of urine albumin creatinine ratio (ACR) ≥ 17 mg/g for men and ≥ 25 mg/g for women [24, 28, 29] and b) continuous eGFR. The choice of analyzing eGFR as a continuous trait was made to maximize the information available in the dataset, as there was a small number of participants with low GFR. We also performed an sensitivity analysis where eGFR was dichotomized as < or ≥ 60 ml/min. . Calibration formula: MDRDcr = -0.184 + 0.96 *NHANES III uncalibrated creatinine. Urine albumin and creatinine were measured from a single random morning voided urine sample. Samples were obtained by a clean catch technique and shipped overnight on dry ice to a central laboratory and frozen for a later use. Urine albumin concentration was measured by means of solid-phase fluorescent immunoassay. Urine creatinine concentration was measured using the Jaffé method. Urine albumin creatinine ratio (ACR) is expressed in units of milligrams per gram. Similarly, CKD stages were categorized based on the current NKF classification system.
Genotype data
As previously reported, the CRP gene (2.3 kb) is located on chromosome 1q21-1q23. We accessed the genotype data for six CRP SNPs (rs1417938, rs1205, rs1800947 (Leu184Leu), rs2808630, rs3093058, and rs3093066) through the NHANES Genetic database maintained by the National Center for Health Statistics at the Centers for Disease Control and Prevention. All six SNPs selected were previously genotyped by Crawford et al [15] using Applied Biosystems TaqMan and Epoch MGB Eclipse Probe Systems (rs1800947). As previously reported [15] , the overall average SNP genotyping call rate was 95%, and no SNP was out of Hardy Weinberg Equilibrium at p < 0.001 in all three subpopulations tested
Covariate Definitions
We ascertained known risk factors for CKD using NHANES measurements. Race/ethnicity was selfassigned as non-Hispanic white, non-Hispanic black, Mexican American, or other. C-reactive protein (CRP) assay used in for NHANES was a low sensitivity assay, with a lower limit of detection of 0.22 mg/dL. CRP values were right skew and were log transformed for the analysis. Diabetes mellitus (DM) was defined as a selfreported physician diagnosis of diabetes, use of diabetes medications (insulin or pills for diabetes), a plasma glucose from-first venipuncture >126 mg/dl or a random glucose from the biochemistry profile > 200 mg/dl. Hypertension was defined as any use of antihypertensive medications, the average of two systolic blood pressure measurements of 140 mm Hg or greater, or diastolic blood pressure of 90 mm Hg or greater taken during the examination. Smoking status was defined as "current" if the participant answered "yes" to the question "do you smoke now" or if the participant had cotinine levels >15 ng/mL. Body mass index (BMI) was classified as obese (≥30 kg/m 2 ) or not obese. Triglycerides, calculated LDL cholesterol, and HDL cholesterol were treated as continuous variables. Cardiovascular disease (CVD) was considered positive if the participant reported ever having been told that he or she had had a heart attack, heart failure, or stroke or had undergone a surgical or percutaneous procedure for any of these conditions.
Statistical analysis
All results were weighted to account for the sampling design of NHANES III, which were recalculated by the CDC for NHANES III genetic study. All analyses were stratified by self reported race/ethnicity. Unadjusted and adjusted logistic regressions were conducted assuming an additive genetic model for each SNP (that is, with a change in the odds ratio or beta-coefficient per copy of the minor allele). Our prior research indicated that minor allele "G" is the "at-risk" allele for CKD progression compared with the major allele "A". Hence, SNPs were treated as categorical variables and coded as follows: 0 = homozygous major, 1 = heterozygous, and 2 = homozygous minor; the homozygous major category was considered the reference level. The primary outcome was CKD (any stage of CKD) treated as a binary outcome given the small number of participants with advance stages of CKD 4-5. For the secondary outcomes, continuous GFR was log transformed. Albuminuria was defined as a binary outcome (any degree of albuminuria). All analyses were performed either remotely using the Analytic Data Research by Email (ANDRE) portal of the CDC Research Data Center (RDC) in Hyattsville, MD or in person at the RDC using STATA 10 MP(College Station, TX), SAS/Genetics 9.1.3 (SAS Institute, Cary, NC), and SUDAAN 10 (Research Triangle Institute, NC). Our power calculation was focused in the association of the rs2808630 polymorphims and CKD in African Americans, based in our previous study (12) with a minor allele frequency of 0.14 for NHANES III. We estimated that we needed 253 African Americans with CKD and 253 African Americans without CKD in order to detect a genotype risk of 1.6 or higher, using an additive model. This model was chosen base in our previous study (12) . Additionally given our small sample of African Americans with CKD (n = 293) we estimated that we will be under power for a dominant model requiring at least 354 controls and cases for the same genotype risk. We considered significance for a two sided alpha of 0.05 for all analyses and Bonferroni-adjusted alpha of 0.002 (0.05/29).
Results
Participants' characteristics are shown in table 1. From the 5955 participants that met criteria for our study, a total of 1,175 (20%) qualified as having CKD. More specifically, 7% of the participants (n = 406) had a GFR < 60 ml/min and 16% (n = 961) had albuminuria. Chronic kidney disease patients were older, 81% (n = 951) had albuminuria, had a higher prevalence of diabetes mellitus, hypertension, cardiovascular disease, higher body mass index, higher CRP levels, and lower smoking exposure compared to participants without CKD. Genotype frequencies by race/ethnicity are displayed in table 2. There were no statistically significant differences in the clinical characteristics among the different race/ethnicity groups by CKD status (additional file 1, table S1). Genotype frequencies by race for participants with and without CKD are displayed in table 2. Genotype frequencies by race for participants with and without albuminuria are displayed in additional file 1 table S4.
CRP genotypes and CKD defined as either by the presence of albuminuria or low GFR
Among non-Hispanic blacks, rs2808630 was associated with CKD both in the unadjusted (table 3) and adjusted  analysis (table 4) . More specifically, the AG genotype had an unadjusted odds ratio of 1.68 (95% CI: 1.34-2.12; p = 0.0001) for the presence of CKD compared to the AA genotype (table 3) . Similarly the AG genotype was associated with CKD with an odds ratio of 2.94 (95% CI: 1.61 to 5.38; p = 0.001) compared to the AA genotype for the fully adjusted model, for other known risk factors for CKD. Both of these associations remained significant even after Bonferroni adjustment for the significance level (p ≤ 0.002). This significant association did not change when adjusting for CRP (table 4). Other independent predictors were not independent predictor in this model. In contrast, rs3093058 was associated with a decreased risk of CKD in the unadjusted analysis [AG vs. AA genotype, 0.76 (95% CI 0.60-0.96; p = 0.02)] (table 3) . However, this association was not significant after Bonferroni adjustment or after adjustment for known risk factors for CKD. None of the other SNPs were associated with the risk of CKD in African Americans. There was no association observed between the studied SNPs and CKD in non-Hispanic whites or Mexicans Americans.
CRP genotypes and continuous GFR by MDRD equation
We examined the association between the selected CRP SNPs and continuous eGFR. There was no association detected with continuous eGFR and the tested CRP SNPs in the unadjusted or fully adjusted model (table  5) . Additional unadjusted logistic regression for low eGFR (GFR < 60 ml/min) was performed as an alternative analysis for all CRP SNPs with no association detected (data not shown).
CRP genotypes and albuminuria
We further evaluated the association between the CRP SNPs with albuminuria (any degree of albuminuria versus none). The rs2808630 SNP was the only CRP SNP significantly associated with albuminuria in non-Hispanic blacks. To examine the association of the rs2808630 with albuminuria, we adjusted all our models for eGFR. In the minimally adjusted analysis (model 1), the AG genotype had an OR 1.68 (95% CI 1.27-2.23; p = 0.0009) for the presence of albuminuria compared to the AA genotype. Similarly, the AG genotype of rs2808630 was associated with albuminuria in the fully adjusted model with an OR of 3.07 (95%CI 1.59-5.94; p = 0.002) compared to the AA genotype (table 6). These associations were significant after Bonferroni adjustment (p ≤ 0.002). Other independent predictors in the model for the SNP rs2808630 and albuminuria included age (years) 1.03 (1.01,1.06), hypertension 2.42 (1.35, 4.35) and diabetes 2.52 (1.12, 5.67). History of cardiovascular disease 1.47 (0.67, 3.26), body mass index(BMI) greater than thirty 0.82 (0.46, 1.41), LDL cholesterol mg/dL 1.0 (0.99, 1.00), smoking 1.18 (0.67, 2.06) and CRP levels (mg/dL), 1.24 (0.90, 1.70) were not independent predictor in this model. There was no association observed between the studied SNPs and albuminuria in non-Hispanic whites or Mexicans Americans.
There were no statistically significant differences in the demographics or clinical characteristics among the different rs2808630 genotypes (table 7) .
Discussion
In this nationally-representative population, we show an association between the CRP SNP rs2808630 and the presence of CKD in non-Hispanic black participants defined either by low GFR < 60 ml/min or the presence of albuminuria. This result is concordant with the findings of our previous study in which rs2808630 was associated with CKD progression in a longitudinal prospective CKD cohort from the African American Study of Kidney Disease and Hypertension [11] .
CKD is multifactorial, occurring in the context of chronic co-morbid conditions such as diabetes mellitus, cardiovascular disease, obesity and hypertension. Since all of these conditions impact vascular inflammation, CKD is considered as an inflammatory condition [12, 30] . Based on these observations, one can speculate that individuals prone to a higher inflammatory response due to genetic predisposition would have a higher risk of CKD progression. However, our current and previous study showed that the minor allele of SNP rs2808630, which is associated with lower CRP levels in the general population (18, 26, 20, 21) , is associated with CKD, now in two independent cohorts [11] along with another replication study [31] . The association between rs2808630 and CKD status remained significant after adjustment for CRP levels, suggesting that the pathway for this association is not mediated by CRP. On the other hand, it may be related to other immunemodulatory molecules of the cytokine network, which involves a highly complex interaction of multiple cascades of gene activation and suppression [32] . Another possible explanation for our observations is that the association between inflammation and CKD is the consequence of the multiple co-morbidities and decreased clearance from the kidney. This might suggest that the inflammatory response itself may not be related to a genetic predisposition towards disease progression in kidney disease. It is also possible that the rs2808630 is in linkage disequilibrium with another SNP that increases the risk of CKD. CRP rs2808630 is located in the 3' flanking region of the gene and is not in strong linkage disequilibrium with any common variation found within 50 kb in the Yoruba International HapMap dataset, although it is in moderate LD (r 2~0 .5) with three intergenic common SNPs [33] . We cannot rule out the possibility that other common SNP(s) outside the 50 kb boundary may be in LD with rs2808630 or that a less common SNP (in the 1%-5% range) is in LD with rs2808630. After a preliminary exploration of the newly released 1000 Genomes Project Data for Yoruba [34] the latter possibility seems unlikely (data not shown).
In order to better understand the association of CRP rs2808630 with CKD, we studied the association of the rs2808630 with albuminuria and with continuous eGFR as independent outcomes. CRP rs2808630 was also associated with albuminuria. Albuminuria is a strong risk factor for CKD progression and could potentially represent a pathway for the association with CKD progression. Although genetic basis for GFR traits [35] (9) and albuminuria traits [36, 37] have been recently identified and may differ, it has been recently highlighted that information regarding albuminuria should be incorporated in the CKD staging system in order to be able to predict those at risk for progression [27] . This relevant clinical observation highlights that gene variants associated with albuminuria may be part of the common pathway for CKD progression and underscores the need to include albuminuria in the outcome when studying genetic susceptibility for CKD progression through common pathways.
Finally, individuals with this CRP genotype may respond less to other interventions compared with patients that have the referent genotypes at these SNPs. Our previous study findings in the AASK trial suggested that African Americans with the minor allele for the rs2808630 benefited less from ACE inhibition. Unfortunately, NHANES III lacks detailed medication data, and we were not able to test for this association.
Recently, genome-wide association studies (GWAS) studies have identified a number of potential candidate genes and genomic regions that may contribute to the pathogenesis of CKD (9, 10, 12) . Two important susceptibility genes for CKD progression to ESRD have been identified in African Americans for "non-diabetic kidney disease" [10] . These include MYH9 [9] and APOL1 [10] . In addition to the genes implicated in CKD progression to ESRD, GWAS meta-analyses has also yielded a large number of potential gene variants that are associated with both creatininebased and cystatin C-based eGFR [35] . However, taken all together, these SNPs explain only about 1.43% of the GFR variability at the population level, suggesting that many other genetic components of kidney function remain to be identified. Furthermore it has been hypothesized that there are genes involved in disease initiation only (i.e UMOD) [35] and other genes involved in progression to ESRD.
The main strength of this study is that it is performed in a large population-based, nationally representative and ethnically diverse sample, which is rich in phenotypic information, allowing us to adjust in our analysis for the main risk factors known to be associated with CKD progression. However, our study is not without limitations. NHANES III is a population based sample designed to represent the health status of the non-institutionalized US population which follows a cross-sectional design and precludes the possibility of studying gene effect on disease progression. Secondly, eGFR was calculated using a single creatinine measurement. Given some variability involved in the measurement, a single value may increase the risk of misclassification of participants without CKD as CKD and overall dilute the association. Thirdly, because this is a population-based sample, the majority of the participants had normal kidney function (mean GFR 95 ± 25 ml/min) and only 7% had low eGFR, with the vast majority of them classified as stage 3. This may have limited our ability to detect an association with eGFR. In contrast, our previous study [11] was performed in a population of only African Americans, all of whom had established CKD (mean baseline GFR 43 47 ± 13.5 ml/min) followed logintudinally and with repeated measurements of the outcome using the gold standard to measure GFR (iothalamate I-125). Overall, these two studies are complementary to each other (a comparison of the difference between populations studies, design and outcome ascertaiment between AASK and NHANES is provided in our additional file1 tables S2 and S3). The fact that we were able to demonstrate an association with albuminuria is also highly relevant as this may potentially explain the relationship with CKD progression via a common pathway.
Conclusion
The CRP gene variant rs2808630 was associated with the presence of CKD in non-Hispanic black participants. Larger longitudinal studies of individuals with established CKD are needed to further evaluate the role of CRP polymorphisms in CKD progression in an ethnically diverse population, including non-Hispanic whites and Mexican Americans. Further studies are also required to evaluate if this association is with CKD in general or with specific disease etiologies such as diabetes and hypertension. Finally, pharmacogenetic studies evaluating the role of CRP polymorphisms in the response to specific medications such as ACE inhibition with regards to renoprotection are also needed.
Additional material
Additional file 1: Table S1 ; Clinical characteristics by CKD status and by race/ethnicity. This table compares the clinical characteristics of individuals with and without CKD by race group. Table S2 : Comparison in the study design, population and outcome ascertainment between NHANES III DNA bank (1991) (1992) (1993) (1994) and the African American Study in Kidney Disease and Hypertension. This table provides a comparison of NHANES III DNA subgroup and the AASK trial. Table S3: Clinical  characteristics of the AASK participants by rs2808630 genotypes This  table provides the clinical characteristics by rs2808630 by genotype for  the AASK participants Table S4 : CRP polymorphisms, genotypes and weighed frequencies for all participants with and without albuminuria Genotype frequencies by race and by albuminuria status for all genotype SNPs.
